
 

West coast earthquake early warning system
continues progress toward public use
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A decade after beginning work on an earthquake early warning system,
scientists and engineers are fine-tuning a U.S. West Coast prototype that
could be in limited public use in 2018.

In two papers published December 6 in Seismological Research Letters,
researchers describe the key components and testing platform for the
prototype ShakeAlert system, now being tested in California, Oregon
and Washington.

The development of ShakeAlert has shown that a dense network of
seismic stations, swift transfer of seismic data to a central processing and
alert station, speedy paths for distributing alert information to users, and
education and training on how to use the alerts are all necessary for a
robust early warning system, said Monica Kohler, a Caltech research
faculty member in the Department of Mechanical and Civil Engineering.

Although ShakeAlert was developed for the West Coast, a similar
system could be used for earthquake early warning in places such as
Alaska, Hawaii and even in places such as Oklahoma where induced
earthquakes are the main source of seismic damage. "We have been
getting questions along the lines of 'can we try your system where we
live?' or 'can we port your system over?'" Kohler said. "The answer in
theory is yes, but there have to be these certain key elements in place."

More stations, faster speeds

ShakeAlert was developed using seismic data collected by the Advanced
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National Seismic System (ANSS), a national collection of seismic
networks supported by the U.S. Geological Survey. About 760 seismic
stations now contribute to ShakeAlert. One of the "top of the list"
priorities for improving West Coast early warning, said Kohler, would be
the addition of almost 1000 more stations in these networks.

"Parts of Los Angeles and San Francisco are covered pretty well by
regional network stations, but many areas of California, Washington and
Oregon are not covered very well," Kolher explained. "There's some
funding in the works to get some new stations in place, but right now it's
not enough to complete the regional arrays that are necessary for
earthquake early warning in its most robust form."

To remedy some of this shortfall, the ShakeAlert system is testing the
use of "volunteer" accelerometers, mostly in the Los Angeles area, that
are sensitive enough to detect earthquakes and can be plugged in at a
business or home, bypassing the more expensive permitting and
installation needed for a full-scale seismic station.

Even in places where a dense network of stations already exists, some
stations lack high-speed and reliable telemetry—the data communication
capabilities that include everything from radio waves to satellite and
commercial internet to send seismic signals to a central data processing
center in real time. "With earthquake early warning, the name of the
game is fast," Kohler said. "The signals to central processing need to be
fast, and the processing center in turn has to be able to send out alerts to
its users fast enough to be useful. Some of the funding that is needed for
earthquake early warning needs to be put into upgrading the existing
telemetry."

Improved algorithms

ShakeAlert's algorithms now estimate a "point source" for an
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earthquake, but "we are working on the ability to incorporate algorithms
that can handle very large earthquakes that happen in a way that can't be
approximated to a single point," Kohler said.

The current version of the system, she said, is less successful in
providing useful warnings about earthquakes that rupture a long section
of a fault and evolve over time, such as the M9.1 2011 Tohoku
earthquake in Japan.

The ShakeAlert team has also been testing the system against past and
real-time earthquake events, looking at its ability to determine
parameters such as earthquake magnitude, epicenter and origin time, and
how long the delay is between the start of the earthquake and the time a
user gets an alert. "But what end users really care about is how severe the
ground shaking will be at their location, so we also are now testing
algorithms that could provide these data," Kohler said. "We fully expect
that a future iteration of ShakeAlert will have ground shaking assessment
as one of the most basic parts of the alert."

When ShakeAlert expanded from California to include Washington and
Oregon in April 2017, the developers also created a single set of
algorithms that could be used in the Pacific Northwest and Northern and
Southern California. The challenge, said Kohler, was to develop a
standard set of algorithms that could account for the different tectonic
environments in each region, including the offshore subduction zone in
the Pacific Northwest and the mostly on-shore faults in California.

What users want

From the start, ShakeAlert has had a steady group of beta
users—ranging from government agencies to businesses—who have
helped the team with valuable feedback for the system.
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For instance, the ShakeAlert team is learning more from its beta users
about how much uncertainty the users will tolerate in the alerts and how
fast versus how accurate they want those alerts to be. ShakeAlert works
with third-party companies to decide how to disseminate the alerts, what
form the alerts should take, and what kind of information is in the
alerts—and there isn't a one-size-fits-all approach, Kohler noted.

For instance, a school may have higher tolerance for false
alarms—students will lose a few minutes of instruction by ducking under
their desks—but a railroad or a machinery assembly line may want to
shut down operations only for the most high-certainty alerts.

"We are learning what their tolerance of alert time versus accuracy is,"
Kohler said. "Because the sooner you want the alert, the less accurate it
will be. If you wait for more data to produce the alert, the more accurate
it will be."

As ShakeAlert moves toward wider public use, Kohler and her
colleagues hope their SRL papers will serve as a good reminder of all the
elements necessary for earthquake early warning systems.

"Sometimes there is a misperception that all you need is a good
algorithm, or all you need is a small array of seismometers in your region
of interest, but either one of those or even both of them isn't going to get
you very far in terms of producing a robust system over a large
seismically active area," Kohler said.

  More information: Monica D. Kohler et al, Earthquake Early
Warning ShakeAlert System: West Coast Wide Production Prototype, 
Seismological Research Letters (2017). DOI: 10.1785/0220170140
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